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This is 3. zr:'Rox> o te-cting aiomplishec during the period 10

Septeiubr 1957 through 9 Decernt.er '-'957 for Pi--Etiriny Arsenal und1er supple-

~Tnented Contract DMI- 1(9-020- 501-CY~sD- V'P"-58 and Is designatad NNC-Q- 3

rTbe- first X'Vu Qvarterly Refpozrts =de~r this contract, NIN-Q- I through

MIN-Q-4, . re concern~ed with free---iir bWAM testing, ia the results are sumi-

marited Irt KeatonaV s .1tr~r Repmoi: NiN-t-34, The fifth, and sixth Quarterly

Re-Por~s tip-scribe the workL on 'varkcus ALWX systems. The seventh WWi eighth

Quarterly Reports dseir)be p~ellxr4uar7, deierminations for Nastion~al,* curret

Investigatloa of de twntie!n and f ra-r ien velo2city ot various exploive slystems

at several simulated, aftltudes, Th - )tmtth Quarterly Report includes the Itiftial

rest-At d~ Natia&P- irl on ieo--ty *fd detonation at various simulated altitudes.

The results of Ntionat' rics~ri- to i e are away.arized in the present report,

lftionarl Northern Coi pra.Aao &rw* Ully aic.novdedges the guidance and

assittance of ?1catin*ny Az evl pezsownei is, 4this investigation.

2, 0 OBJECT OF TESTS

'The task assig-ned undc-r tki-vs rontrac-.- as s~ipemented, In a survey of

various explosive sys&*.eii toc ih f.urvav,6 o! deteialaiing any change In detonation and

and f ragmeyrt vetee-It- with ckhangp, in~ sinaulated altitude. charge diameter, and

degree of coiifinewrenr'- of the expic.siwe.

"TM Mtudy of detonation ye .oiy is deicribed In Paragraphs 3,,O 4.0, 6

andA 6 0O of this R~pr-"., The invft, datica, ot fragm~ent velocity is detailedto Para-

graph 7.0, 8,0, 9,0 aidWQ.O.

T1:DY OF D 4-.r ATl)N VELOTCfy

0L CHARGE DATA

3. 1 In order to survey possible r'hanes in behavior ot various

C crifidentia.



e,~p1Q~vys~tepxm With Changes iz, WM'Ulated alitude, charge &~ ameter, and

degree o( counement oF the~ tpiosive, a number of apeckfice couditions hav~e

been am;~ ~~ startin~g points. In each cominblntioxi of conditions, five rPieasure-

ments of the detonion velocity of the e.=Losle oyatexn are made,

32 The explosive systems Incltoded in these tests are TNT, H1-6.

'10i S'-&Y)X/TNTj 7/30-HMXP/ThT, and~ PAOX-2B,

3.3 Tkheae systems are- studied at pressures of 700, 226, 60, and

13 wlkimneters of mercury, corresoonding to simulated altituades of ground, 30, 000,

60) 000. and 90,O000feet.

3.4 T1"hese aysteris are tested ta cylindrical. columns, one and two

Snches in diamieter b.y etghteen and sev~en inches long, respectively. These repre-

sent estimaxte,. of the ma~dwr- explsive load that can be tolerated in National'sa

) altitude chamber.

3. 5 Thiese ex; ploskvea, with thie exception of MOX-2B, are measur'ed

for~ detonation veltocity In two clnditfons of confinement, In one case, bare charges

are used; and, in the other, the exposive to loaded In on.*-qrter-inch-thiek steel

tubing of approprite Inside diameter, )YOX-28 wil not sustain detonation in Un-

cornnd coluns of. te selcted 6tiam,eera, and aii inrease in 6'tmeter would re-

quire reductio~n $n the leaigth &a co',udy to intain ie maximum charge weight

allowed In ~itonal's chamber Coluiza aborter than those now us"d wculd cause

the experimental error to be irxw targe,

3.,6 Subseqve ii to tntkdaticm of the firing program, some diffivulty

was experlenced In detonatiag VUT columns, unconfined, In the" dlameters This

d1ticulty hat. Ance been or,#swibed to the t)Cthod of canting. in wMcki the molten

TNT was pouired Into heavy paoer siteves. The TNT was finally eust In steel

sleovos "n removed fromh the sles.~ for testing. These columrw wore found tij



4.0 TEST EQ1WTMENT

4. 1 The dnltonmo ve!ocit W. measured by timing the passage

(a the c;etnatio-a zone o;-ei a irtio co~vicr, 1Jstance This aistance Is measured

betwden two electrical'probes, each conessitng of open-ead wire pairs. The pass-

age of the detonation zone cloves the opez-ead pairs and, with assoeiated circits,

generatee a sharp pulse, The pu'eea generated are applied to the. start-stop cir-

cuits of an electronc ccunLerchronrgeph The counter is the Potter Model 471

operating at 8 megacycles.

4,2 Tests a tattlated altit;.xdes are accomplished in National's

la gest altitude charher, The chafer has approximate inside dimensions of

12,x14x9 feet and may be evactwAed to P simuiated altitude of 120 000 feet 3 mm,

fg, by a Kir:ze;, ID-780 vacui rfin Y-un by a forty horsepower electric motor.

Those tests r'u at "ground" 760 m x. U'g are Accomplished at Nationar-s Hali-

fax Testing Range.

S.A TEST RESULTS

5.1 The tbles folio-wing Include all of the data obLAned to date,

In 4hese tab'les, charge d,'msifty te dete rined by jeometty and rwt charge weight.

The eighteon-inch by one-Aich cylinler Is calculated to have a volume of 32

crbie centimetertuA the seven-lnch by two-inch cylinder a volume of 360 cubic

cen 1meters.



Altitude Average Ieasured 'M easure. VeioCity
Charge :egnment Time aL

Im h Density -'ieTei "m(c-r~Tosecnds Detonation

H-6, vcorjIined, ip one-inch a, ameter columns

Ground 1.80 .302 41.1 7350
'760-764 mm HW. 1378 .295 41.1 7180

1.78 .303 40 9 7410
1.81 .305 40,9 7460
1.79 .303 41.1 7370

30,000 1.81 ,305 40.6 7510
,,226 m Hg. 1.79 ,302 412 7330

1.79 302 40°9 7380
1.81 ,305 40,,9 7460
1.80 .305 40,9 7460

60j 000 1.80 .302 39,2 7700
('60 mm Hg. 1.79 4305 40A13 7510

1.79 .302 40.4 7480) 1.80 .303 41,1 7370
1,79 300 40,5 7410

90,000 1.78 .302 41.0 7360
(13 mm Hg.,, 1.78 ,302 41.0 7360

1,79 302 42.1 7170
1.78 303 40.6 7470
1.79 290 41.4 7000

H-6, unconfined, in two-4nch diaimeter columns

Ground 1.83 .099 14.0 7070
760-764 mm Hg, 1,77 100 14.5 6900

1.84 102 14.8 6890
1.75 .102 15.1 6750
1.81 .100 14.8 6760

30. 000 1.77 .099 14.0 7070
t226 mm lg,, 1.78 099 14.2 6970

1.84 .102 15.0 6800
1.81 .102 14 7 8940

60 000 197 .102 14.4 7080
60 mm lg. 1.78 099 141 7020

Conflidential



Altitude Average Measured. Measured Velocity
Charge Segment Time of

{nmm Hg, . Density ,imeer . fwond3 Detonation
k n cc chdiT e ,sec nds

H-, uconfined, In two-inch daner coumns ,Contld

60,000 1,78 .102 14.9 6840
,60 mm Hg. 1.80 102 14.5 7030

1,83 '102 14.4 7080

90 000 1.78 .099 14.2 6970
"13 mm Hg.' 1.84 .102 14.6 6990

1,76 ;,099 14.9 6640
1,o84 .102 14,1 7230
1.31 .102 14.2 7180

H-6, confined in 1/4-inch wall steel tubing, one inch diameter columns

Ground Le72 .305 42.0 7260
tf760-764 mm Hg.o 1o 72 .305 42.0 7260

1.72 303 42.0 7210
1.66 305 43.3 7050
1,71 ,303 42,3 7180

H-6, ccnfined in 1/4-Inch-wall steel tubin L two-inch diameter columns

Ground 1.78 .102 13,9 7340
(760-64 mm Hg., 1.78 .102 139 7340

1.77 102 14,4 7080
%78 102 136 7500
1.78 102 13.7 7450

30,000 1,77 .103 13.8 7500
,226 mm -g. 1.78 o102 14.0 7260

1.79 o103 13.9 7430
1.79 .102 14.0 7260
1.77 .103 14.0 7370

60 000 1.78 .103 12.4 8330
'60 mm Hg. 1o78 .103 13.8 7500

1.79 .103 14.1 7300
1.79 103 14.1 7300
1.77 '10. 14.1 7300

90,000 1.78 103 14.0 7370
113 mm Hg. 1.78 i0O 13.6 7460

1.78 *.02 13,8 730
1,78 .103 13J1 78W
1.78 .103 13.9 7430

Confidential



C'r .identlaW 6,

Altitude Average Measured Measured Velocity
k Charge Segment Time of

~nim g." Density iitFs MlcJi;Rfidsi Detonation
SWIEW_ rx Te i -se-o n dsa

HMX/TNT, -_70/30, unconfined in two-inch diameter columns

Ground 1.75 .098 13,6 7290
7 60-764 qm Hg. 176 ,10 14,6 8840

1.79 '100 13.1 7820
1.74 .102 12.9 7890
1,80 102 13.1 7740

30,000 1.80 .102 13.2 7730
.225 mm Hg. 1.81 .102 13.5 7560

1.83 .102 13,1 7790
1.78 102 13o2 7730
1.85 102 13.2 7730

60,000 1 82 .099 13.1 7560
6W MOn Hgo L76 102 13.6 7500

1.76 .099 13M 2 7500
1.78 102 13J1 7790
1.81 '102 12.9 7910)

90,000 2.74 .102 14.9 7240
13 ma Hg, 1.80 .102 12 9 7910

1.79 102 13.0 7850
1.75 102 12.8 7970
1.77 .099 13,6 7280

HMX/TNT-70i3O, unoqf!ned in one-inch diameter columns

30 000 1,6, 305 38 1 7990
"226 rm fg, 1.60 .305 38.0 020

1,61 .303 38,1 7450

60,000 1.71 302 38.4 7860
(60 mm Hg. 1.73 305 38.0 8020

1.65 .306 38.6 8540
1.66 .306 38,4 7940

90,000 05 so M 70
13 mm Hg "

oafldnttai



Alttude tverage Measured Measured Velocity
Te- Charge Segment Time Of

-MM Hg. ~ Den "1iiiTTe...ds'. Detonation

HMX .T T, 70/30, confined in 1/4 inch-wall steel tubing, two-inch diameter

Ground 1.75 ' 102 12.8 T700
,760-764 mm Hgo) 1.59 .102 13,1 7'190

1.63 .102 13.2 7'130
1.73 .103 13,1 11860
1,73 ,103 12,9 8010

30 OC 1.72 .102 13.1 7790
i226 mm Hg. 1.74 .102 12.6 8100

1.74 .102 12.8 7970
1.74 ,102 13.0 7850
1 68 127 16.0 7940

0, 000 1173 , 02 13.1 7790
60 mm Hg. 1o74 .103 12.6 8170

1.76 102 12.8 7970
1.65 102 13A1 7790
1.75 102 13.2 7730

t 1.72 ,127 16.0 7940
90 000 1.73 .103 12.6 9170
i3 mm Rg, 1.73 .102 13.2 7730

.1.7/1 .102 12.7 8030
1,75 .102 13.0 7650
1.59 .102 13.3 7670

RDX/TNT .--70,/30., unconfined, in one-inch diameter columns

Ground 1,,78 ,305 38 1 8000
160-764 1.72 .302 361 8360

1.58 305 37.6 8110
1.75 .302 38,0 7950
1.76 303 37,6 800

30,000 1,68 .306 37.9 8070
K226 mm Ug o 168 .305 36.0 8470

1.74 ,302 38.0 7950

60,000 1.70 302 37,;5 6050
(60 mm Hg.' 1.72 .305 37.8 0070

1.61 302 37.2 6120
1 62 305 36.5 $360

v1.44 305 37,? 809O
90,000 1.72 305 38.1 a00
'13 mm Hg, 1.71 305 30.0 $030

1.62 302 37.9 19701

Coat idfual



Atitude Average Measarad Measured Velocity
r OIt- Charge Segment Time of

1,im SnHgo Densit 7eefi -  ii' zf econda Detonation
gm. CC -meter/seconds '

REDx/r'I - 70/n0 coi ed none inch diameter colmnsContd!

9.', 000 ..305 38,4 7940
(13 mM 1g. 302 37,9 7970

PDXkTNT - 7030, =confined, in two-inch diameter columns

Groud 183 102 1 -. 6 8050
(760-764 mm rIg,

30s,000 1.81 103 13o0 7920
(226 mm Hg.) 1.81 o099 13.2 7500

1o76 ,099 12,2 8110
1.83 ,102 13.0 7850
1 078 102 13o 4 7610

60, 000 iL,82 099 12,6 7860
1(6M mTg. 1 82 o103 12.9 7980

1,77 102 12,8 1960
1"84 102 12.6 6010
1,78 o099 12,5 7920

90 000 1o82 ,102 13.2 7730
43 mm go 1,84 .099 12,5 7920

1.84 099 12,6 7660
1o76 099 12.6 7860
1i80 096 13.4 7160

30, cone n nc diameter collImns

Ground 1,72 .305 38.3 7960
k760-764 mm 1g. 1.74 .105 38.5 7920

1.57 305 30.0 8030
1.71 .305 38.5 7020
1.,3 305 36.4 "7940
1,61 305 31.1 6010
I61 305 38.0 $030

30000 16o4 .30 370 7 90
1225 Mtnz xg

60,000 1.64 .30 37.0 8060
'04)* tm , 63 306~l U4 slol

10.1000 301 3's #100
imafig. 1 306 si7 8070

0.4 37,A 8050



,..4knALderh5-:.

Altitude Average Measux ied Measured Velocity
teet Charge Segment Time of

(fam Hg Denslty erg" mfosw"os) Detonation
"t-i~ seionds

J.RDX,/'T, - 70/3, confined in 1/4-Lnch-walt iteeI nb , oe-bne- diametei coLumna
(Cont'd

90,000
(13 mn Hg.) 1.63 .305 38.0 8020

1.64 305 37.0 8050
1.63 o305 37,9 8050

RD, ?TNT, - 70/30, confined in 1/4-inch-walt steel tubing, two-inch diameter columns

Growd 1,,70 .102 13 2 730
"760-764 mm Hg. : .,77 .102 13.1 7790

172 .101 13.0 7770
1.72 102 13.9 7340

30000) L72 .102 12,8 7970
2 6mm Hg, 172 .102 12.6 8100

1,72 .102 13.5 7560
1.72 .102 12.8 7970
1,,72 .102 15.1 6750 )

60, O 1,70 .102 12.8 8090
X60 mm Hg.) 1.74 .102 12.5 8160

1.73 .102 12o8 8090
1,72 o102 12.9 T9ol0
1.71 .102 13.1 7790

907000 1.71 .102 12.8 7970
13mm Hg. 1,70 ,102 12.6 8100

1,67 .102 12.6 6100
1.70 102 13.0 7850
A,70 102 12.7 8030

MOX-2B, confined in ;4-inch-wall steel tubi two-Inch dLameter columa

Ground 2, 12 .103 22.3 4630
(760-764 mm Hg.,) 2,12 .103 20, 9 4940

2.12 .102 22.1 4540
2.12 .103 22.1 460
2A2 .103 21.4 4820

TNT, uconine. in two-inch diameter columns

Ground 1.74 .100 10.5 1130
1760-764 mm Hg.i 1,76 .101 1, $110

CoodiIdtaftl



Comlfdeia' IO 

Al itude Average Pleasured Measured Velocity
Charge Segment Time of

,mm I . Density ie-si 'vi f Detonation

T" unconfined, In iwo inch diameter colomns (Cont'd

Ground 1.378 102 18.5 5500
!760-764 sum Hg.) 1.76 .100 19.3 5200

1.73 103 19.0 5430
TNTr codied in 1/4-Inch-wall se!!t r, one-inch d"meter column

Grountd 1,55 .305 44.7 6820
'760-764 mm Hgo 1.59 .305 45.5 6850

161 .303 44,7 6780
1.60 o304 44.7 680C
1.62 ,305 44,,5 6850
lo61 .305 44.4 6870

30.000 1,00 ,,305 46.9 6500
4226 mm g. 1.01 .305 46.9 68500

1.59 305 45,4 6710
..53 ,305 45,4 6720

60. 000 1,59 '305 ,-4. 8 6810
"6t 2Mm Hg.)

90.000 1.66 .305 44,.8 6810
113n Mi Hg. 1.59 .305 44.7 6820

1.59 .305 44,7 6820
1o58 .305 44,8 6810
1,55 .305 44.8 6810
1.64 .305 44.3 6880
1.62 .305 41.5 7350
1.57 .305 42,3 7210

*TN T corined in 1/4-Inch-wallsteel tubin, two-inch diameter columns

Ground 1.57 J02 15.4 6620
-760-764 mm g.) 1. 57 .103 15.2 6780

1.61 "102 15.2 6710
1.58 102 15.2 6710

80,000 1 58 '102 1i58 6460
A0 Mnmg. 1.59 .102 15.9 6420

1.59 .101 We 6640
1.43 .102 16.4 6620
1.60 101 15.5 6580

Confidential



ItitAre ieasured ,easur Veioufty
• ) e" Charge Segment Time' Oi

De nity -netre s, MC oseconds Detonation
7i/g/cc) meter/ieconds

TNT, confined In _./4-.inch-walL see tubilRg tWo-och djameter columns (Cont'd)

90,000 1.61 102 15.6 6540
(13 mM ngoI 1.60 1.102 15A6 6540

1.59 .102 15.6 6540
1.58 .102 15.6 6540
1.59 o102 15.6 6580

6.0 DISCUSSION OF RESULT3

. I Na t rna has eatimated the experimental error to be 3%, max.

imum, due to three major sources of error:

,a) Non-uniforna density tn tho charges

' Non-Aneax velocitiea ovE- the measured segment

,,c) Precision of measurewett in both time and distance

( 6. 2 Density variations within a stnge column are not readily detected.

The test charges have been inspected by Z-may photography to eliminate any with

major flaws.

6.3 Non-linear velocities of detonajion occur where steady-state detona

ton reaction is not established. This Is correctO by allowing ample "run-up" ex-

rAos,'ve columa' ahead of the segment to be Msud, The weight limit and diameter

requirements of the test chargee determine the lot*th of the charges and restrict

the "run-up" column.

6.4 The error in meaaurement has )een estimated to be less thbn I,

maximum. Linear distance is accurate within on millimeter and time within one-

tenth microsecond.

Confidential
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STUDY OF FRAGMENf V6LX A;4'Y AT 31MLAT.D AL'ITUDE

7.0 OBJECTIVE

7o The object ef thjif phWse of th~e prograu, is the investigation of

the effect of altitude or the velocity fragiepts produced from steel cylinders by

charges of the foUowing explosives,

TNT,'

MOX-2B
70/30 - RDN/TNT
70/30 - HMX 'TNT

The four altitudes under investigation are ground, 30 000,

60v 000, and 90, 000 feet,

8.0 Test ItemF

8. 1 Steel cylinders of two configurations are used. Both sizes are

fabricated from AISI 1015 Ore] Gi e Is I" I.D. x 18" long with a 1/4" wall thick-

neas The other is 1" 1. D. x 7" ong with a 1/4" wall thickness.

9,' TESTS

9.1 The xmajor por'lon -f the test progrnm has been completed and

velocities obtaJned or, 6-fao,. ralik, dietanct by counter-chronograpb. Accuracy

difficulties were enccuwterod ' the higher alWides. Causes are being traced in

order to obtala reUable data. Data obtanect by the electrical method have been check -

ed by high-speed photography ane the two methods found to be ecmpatible at

ground leve!.

10.0 COMPUTATIONS

10. I Theoretical velocities ai e being computed with known Guerney

consbauts for ground level velocities for H-O, TNT, and MOX-2B. New values of

Guerney constants of the 70/30 mixtures will be obtained by computation from ob-

served velocities.



.I FUTURE WOE

The major -avt of ths p-ogmm ias been completed. 'Me entire pro-

gram witit the results of the remaufing teats and fragment catculatioc x ill be re-

viewed and summarized In a final report.
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